Abstract -Drinking alcoholic beverages is one of the oldest socially acceptable forms of behavior which can lead to the development of alcohol addiction. Long-term alcohol drinking has, together with numerous psychological and somatic complications, harmful consequences for the oral health. Patients suffering from alcoholism generally have poorer oral hygiene, dental care, periodontal status, fewer teeth, more carious lesions, gingival diseases, inter-dental papillae bleeding and deep gingival pockets associated with bone loss, as well as higher rate of oropharyngeal cancer. The changes in the oral microbiome affect the immune system, metabolism of carcinogens and digestion, which also leads to the development of local oral diseases as well as systemic gastrointestinal and cardiovascular illnesses. Harmful impact of alcohol on oral health can be direct, caused by local toxic effects of alcohol and as a consequence of systemic diseases associated with alcohol drinking, causing changes in the entire oral mucosa. Poor dietary habits additionally contribute to a poorer dental status while frequent simultaneous usage of tobacco products additionally increases the risk of developing periodontitis, tooth loss and oral carcinoma. Excessive alcohol drinking can seriously affect the oral cavity where, despite easy access via clinical examination, we still lack clinical data and a clear mechanism of development of the described changes.
Introduction
Drinking alcoholic beverages is one of the oldest forms of socially acceptable behavior which may result in alcohol addiction, one of the leading public health issues [1] . According to the extent of drinking and habits we differentiate social (controlled) drinking, alcohol abuse and alcohol addiction. Alcohol abuse, usually presented with health consequences, may develop into alcohol addiction, which is characterized by alcohol cravings, loss of control over drinking, physical symptoms of withdrawal in case of drinking cessation, rise of alcohol tolerance, increase in the consumed amount, disregard for other interests and continuation of drinking in spite of awareness on harmful consequences. Alcohol addiction is two to three times more common in men than in women [2] . According to the World Health Organization the average annual consumption of alcoholic beverages in Croatia is 12.9 liters of pure ethanol per adult person. Around 90% of adult men and 80% of adult women drink alcohol, out of which 15.7% are considered at risk [3] .
Ethanol is largely absorbed through the gastric and duodenal mucosa and metabolized by the liver with only a smaller fraction being metabolized locally in the oral, gastric and other mucosae of the upper digestive tract. The enzymes acetaldehyde dehydrogenase (ADH) and alcohol dehydrogenase (ALDH) are catalysts for ethanol oxidation in the described first pass metabolism [4] .
Alcohol dependence is often associated with other psychiatric disorders and linked to a change in behavior that often involves a tendency towards risky situations, followed by auto-and hetero-destructiveness as well higher likelihood of accidents [5, 6] . Excessive drinking also leads to numerous somatic complications and conditions, including consequences on oral health. Research has shown that heavy drinkers have poorer oral hygiene, dental care, periodontal status, fewer teeth, more carious lesions, gingival diseases, interdental papillae bleeding and deep gingival pockets connected with bone loss as well as a higher rate of oropharyngeal cancers [7] [8] [9] [10] . Non-carious destructions of teeth, including dental erosions, are also linked to frequent drinking due to presence of polyphenols in most alcoholic beverages which leads to precipitation of proline-rich proteins in the saliva [11] . The high concentration of acids in alcoholic beverages can cause chronic inflammation of the oral soft tissues and negatively affect the metals in various orthodontic devices. It's important to accentuate that around 80% of alcohol addicts are also heavy smokers [12] . In tobacco smokers ethanol increases the permeation of tobacco carcinogens by increasing membrane permeability of the oral mucosa epithelial cells [13] . Poor dietary intake of fruits and vegetables, which is also common in heavy drinkers, can facilitate the onset of such conditions. Furthermore, alcohol has a cytotoxic effect on bacteria, changes the saliva-bacterium interactions and enables ethanol as a substrate for bacterial metabolism [14] . Consequently, the change in the oral microbiome has effects on the immune system, metabolism of cancerogens and digestion [15, 16] which leads to local oral diseases [17] and possibly systemic gastrointestinal and cardiovascular diseases [17, 18] .
The authors aimed to present a systematic overview of the present scientific data regarding the effects of alcohol on the oral cavity and oral health.
The effects of alcohol on oral health
Based on the action mechanism harmful consequences of alcohol consumption on oral health can be divided into direct, caused by local toxic effects of alcohol, and consequences of systemic disorders associated with alcohol drinking. All of the below mentioned changes in the oral cavity can affect self-confidence as presented in the research of Jelić and associates, which has also revealed a poorer oral status in people with an alcohol use disorder compared to the control group [19] .
The direct effects of long-term alcohol drinking
1.1. The effect of long-term drinking on the saliva and teeth
Immediately after alcohol ingestion ethanol diffuses into the salivary glands and sali-va where initial alcohol concentrations reach higher values compared to blood values. After thirty minutes, alcohol concentrations in saliva match blood concentrations which indicates successful perfusion in all surrounding tissues, including oral mucosa, major and minor salivary glands. Upon cessation of drinking the level of acetaldehyde in the saliva significantly risesand surpasses blood level concentrations. Consequently, the oral cavity retains large concentrations of this toxic molecule for a long period of time, which damages mucosal and glandular tissues, reducing their immune functions, making mucosa more prone to microbial penetration [20, 21] .
Long-term alcohol drinking can lead to peripheral neuropathy, which is connected to sialadenosis, edema of salivatory glands, especially parotid glands [22, 23] . Sialadenosis results in a disturbance of salivary glands metabolism and excretion [23] . Reduction of salivatory glands excretion and neglection of oral hygiene coupled with consumption of foods rich in carbohydrates causes a salivary pH decrease below the critical level, thus increasing the risk of caries and gingival diseases [24, 25] .
Consumption of acidic beverages, such as wine, makes the oral cavity and the teeth surface acidic and sensitive to mechanical injuries during tooth brushing. This also occurs due to vomiting caused by the effect of alcohol on the esophageal sphincter and reduced salivation. Such acidification increases the risk of erosion [11] . There is a high incidence of tooth decay in alcohol addicts, up to three times higher than in people who abstain from drinking alcoholic beverages or drink them rarely [26] . The incidence of dental caries in alcohol addicts is more than double, with trebled incidence of permanent tooth loss [7, 26] Furthermore, they also have an increased risk of periodontal diseases which is associated with gingival tissue irritation, poor oral hygiene and dental care, poor dietary habits causing immune depletion and bacterial deposition due to lack of saliva and dehydration [8, 27] as well as a serious risk for the development of chronic generalized periodontitis associated with interdental papilla and gingiva inflammation together with formation of periodontal pockets associated with bone loss [27, 28] .
The effects of long -term drinking on the tongue
Alcohol can cause glossitis (inflammation of the tongue), gingivitis (inflammation of the gingiva), and sometimes angular cheilitis (inflammation of the corners of the mouth).
In the early stages of glossitis the tongue is painful and swollen while in later stages it becomes extremely red followed by burning sensations with filiform and fungiform papillae atrophy on the tongue surface. Gingivitis is manifested by necrotic areas at the top of the interdental papilla while angular cheilitis is characterized by painful fissures and cracks in the corners of the mouth. The use of disulfiram can also alter taste sensation, often causing a metal taste in the mouth [27] .
Oral manifestations caused by the direct effect of alcohol on the oral mucosa
Many studies confirm that alcohol intake increases the risk of developing cancer of the oral cavity. The risk is further increased if alcohol is combined with smoking tobacco [29] . The systemic effects of alcohol joined with local changes in the morphology of the mucous membranes and glands form the basis for the accumulation of microorganisms and the development of chronic infections, although the direct link between alcohol and precancerous lesions remains unknown [10] .
It is assumed that exposure to many carcinogens found in alcoholic beverages encourages carcinogenesis and proliferation mucosa cells leads to genetic changes and development of precancerous lesions (leukoplakia and erythroplakia) and carcinoma [28] .
Leukoplakia
Oral leukoplakia is the most common precancerous lesion with tobacco and alcohol as the main etiological factors, followed by mechanical irritation, syphilis and candidiasis. According to clinical studies, the most common location of malignant transformation of leukoplakia is the oral cavity floor. First symptoms of this change are erythema, edema, and thickening of the mucous membrane that eventually becomes white or gray. The mucosal surface may be smooth or wrinkled and in the same level as the surrounding mucosa or above it. The lesion also may be streaked with red or normal mucous membranes. In most cases, leukoplakia is asymptomatic [10, 31] .
Erythroplakia
Erythroplakia is a relatively rare oral cavity lesion with very high malignant potential [32] .
Clinically, it appears as a flat or slightly elevated red lesion in the oral mucosa, sometimes associated with leukoplakia [33] . It is mainly located in the bottom area of the oral cavity, soft palate, the ventral side of the tongue and buccal mucosa. Usually, it is asymptomatic, although some patients report burning sensations. Most of the samples show a high level of expression of epithelial dysplasia and in situ or invasive carcinoma.
Frequent consumption of alcohol and tobacco is considered to be an etiological factor. The diagnosis is set by a clinical examination and confirmed by biopsy. It is treated with surgical ablation and avoidance of etiologic factors [32, 34] .
Oral cancer
Alcohol, especially combined with tobacco, is an important risk factor for the development of a carcinoma of the oral cavity and is commonly associated with about 75% of upper digestive tract cancer [35, 36] . All types of alcohol, including spirits, wine and beer, are associated with oral carcinoma [20] . A study from 2010 showed that people who drank four or more alcholic beverages a day had a five times higher risk of oral cancer compared to teetotalers or people who rarely consumed it [37] . Synergism of alcohol and smoking increases this risk by alcohol-mediated increased permeability of the oral mucosa for carcinogenic components of tobacco smoke [36] . The risk of developing oral cavity carcinoma is increased by up to a hundred times in people who consume one hundred grams of alcohol per day and smoke twenty or more cigarettes a day [29] . Although the carcinoma is most common between the ages of 50 and 70, the risk is not related to age but solely on the amount of ingested alcohol [38] . However, all people who drink will not develop oral cancer; even the role of alcohol in its development remains unknown.
Certain carcinogenic effects of alcohol may play a role in the pathogenesis of oral cancer, i.e. the dehydrating effect of alcohol on the cell increases the mucous permeability to other toxins and carcinogens; ethanol-mediated changes in mucous morphology and production of acetaldehyde which causes damage to oral epithelial cells DNA and oncogene expression of oral keratinocytes; dam-aging the functioning of the salivary gland by reducing secretion of the epidermal growth factor that protects the oral mucosa from acid-induced injuries which therefore increases the risk of oral mucosal ulceration; nutrient deficiency prevents the use of antioxidants in the prevention of cancer formation [39] . The most common oral cavity carcinoma is planocellular carcinoma, which has a high mortality rate since it is usually diagnosed in the advanced stage. The primary lesion in the oral cavity cancer is erythroplakia which is most often completely asymptomatic [32] . The first symptoms for which the affected persons seek help are discomfort and burning sensations in the mouth followed by difficulty swallowing, loose teeth or persistent bleeding. These symptoms usually indicate that the disease has already progressed and is in the advanced stage. The initial lesions appear in the form of a well defined mucosal erythema with a velvety or smooth surface, with or without the presence of white lesions. Carcinoma later changes to ulceration. A less common clinical picture of oral cavity carcinoma is an exophytic mass without ulceration, with signs of leukoplakia [33] .
The most common location of oral cavity carcinoma is the so-called horseshoe area, which includes the bottom of the oral cavity, the lateral edges and the ventral surface of the tongue, the retromolar region and the palatal arches. One of the characteristics of malignant oral cavity carcinoma is early metastasis in the area of the cervical lymph nodes. The diagnosis of oral carcinoma is based on clinical examination, biopsy and x-rays. Treatment of oral cavity cancer is almost always surgical, in combination with radiation therapy [40, 41] .
Systemic effects of long-lasting
alcohol drinking on the oral mucosa 2.1. The changes in oral mucosa associated with cardiovascular diseases caused by long-term alcohol drinking
Long-lasting alcohol drinking has complex effects on the cardiovascular system. One of the most common toxic effects in alcohol addicts is dilatative cardiomyopathy, an illness characterised by ventricular hypertrophy and fibrosis, with gradual progression of cardiac decompensation [42] . Commonly, the first sign of cardiac decompensation is a change in the colour of oral mucosa which becomes cyanotic and the dilatation of veins on the ventral side of the tongue. Further progression of the illness can cause the development of varices. Hypertension is also perceivable among alcohol addicts and it affects the colour of oral mucosa which can be red or pale, depending on the type of hypertension. If the mucosa is red, dilatation of capillaries or teleangiectasia can also be present. Antihypertensives can often cause side effects like mouth dryness (xerostomia), swelling of the parotid gland, unpleasant taste in the mouth, gingiva hyperplasia and aphthous ulcerations of the oral mucosa [43, 44] .
The changes in oral mucosa associated
with digestive system diseases caused by long-term alcohol drinking
Changes in the oral mucosa can indicate changes in the digestive system. Alcohol has a direct toxic effect on the gastric and esophageal mucosa where it causes inflammatory changes (acute gastritis, peptic ulcer and esophageal reflux) which can lead to burning sensations in the oral mucosa with possible development of stomatitis (inflammation of the oral mucosa). Papillar atrophy can be found on the tongue with clinical presentation of glossitis exfoliativa areata migrans, a disorder characterized by areas of smooth, red depapillation which migrate on the dorsum of the tongue over time. This clinical presentation is directly connected with a disorder in gastric secretion and failure of B vitamin complex absorption, which contributes to the development of megaloblastic anemia and chronic malnutrition [40, 45] . Less frequent but also connected to alcohol intake and malnutrition is complete atrophy of the papillae on the dorsal surface of the tongue called lingua glabra. A common finding with atrophy of the papillae is distortion of the sense of taste called dysgeusia. Apart from atrophy, lingua villosa alba and nigra are also possible inflammatory changes of the tongue, characterized by elongation of the filiform papillae [40] . These changes have a defensive role, but when present for a longer period of time cause a superficial inflammation of the tongue due to accumulation of detritus, microorganisms and food residue. Recurrent aphthous ulcers (aphthae recidivans) are a common painful mucosal condition affecting the oral cavity with an autoimmune pathogenesis. Consequently to hepatobilliary diseases a tingling, burning and pricking sensation can appear together with dysgeusia. Another feature is yellowish pigmentation of the oral mucosa due to hyperbilirubinemia [40, 41] .
Hepatal and pancreatic illnesses almost always present themselves with a strong foetor and appearance of oral candidiasis because of the weakening of the immune system in the oral mucosa. Rarely, following chronic liver diseases lichen planus and lichen erosivus can appear. As a consequence of liver cirrhosis development of a carcinoma of the tongue or of the floor of the mouth is possible, while consequently to hepatal failure coagulation disorders followed by bleeding inside the oral cavity are common [41] .
2.3. Changes in the oral mucosa in eating disorders and vitamin deficiencies caused by long-term alcohol drinking
Insufficient intake of food and nutrients, vitamin deficiency, and the inability of their utilization due to various illnesses can cause severe metabolic disorders in alcohol addicts. Thus, vitamin A deficiency can contribute to the development of oral leukoplakia, which then causes increased keratinization and epithelial metaplasia of salivary ductus with consequent reduction in salivation and xerostomia. Due to lack of vitamin B, minor ulcers and hemorrhages may develop even in smaller oral traumas. The resistance to infection is reduced, and the appearance of the mucous membrane is often atrophic with exfoliation of the tongue papillae. Angular cheilitis, an inflammatory change in the corners of the mouth, is often present, which in the case of secondary infection may spread to the skin of the face [40, 41] .
Vitamin B1 (thiamine) deficiency causes degeneration of peripheral nerves and consequently paresthesia of the oral mucosa, dysgeusia (taste disturbance), glossopyrosis (burning tongue) and stomatopyrosis (burning mouth). Oral symptoms caused by deficiency of vitamin B3, B4 and B6 are not characteristic and are manifested as stomatitis or glossitis with ulcerative and gingival lesions prone to hemorrhages [40, 45] .
Vitamin B12 deficiency leads to pernicious anemia that manifests on the oral mucosa as Moller-Hunter's glossitis, characterized by a smooth and red tongue, atrophy of papillae and loss of taste sensation. Oral ulceration may occur, xerostomia, necrotizing ulcerative gingivitis, recurrent aphthous lesions and secondary candida infections. During advanced consequences of alcohol dependence the entire mucosa becomes atrophic with ulcerations covered with yellowish pseudomembranes [40, 45] .
An important factor for growth and cell division involved in vitamin A resorption is folic acid. Its deficiency in the oral mucosa causes ulcerative and necrotizing ulcerative processes of the gingiva and palatal mucosa with inflammation of the tongue. Hypovitaminosis C is presented as scurvy which is clinically manifested by gingivitis with gingival tumor-like overgrowth and periodontal pockets that benefit further inflammation. Petechiae, ecchymosis, and ulcerative processes of the oral mucosa can appear associated with vitamin C deficiency [17] . Vitamin K deficiency causes disorders in prothrombin synthesis and hemorrhage and gingivitis of the oral mucous membrane. Iron deficiency is caused by hypochromic anemia, which presents as paleness of the mucous membrane, pain and burning sensation, gingival bleeding and tendency to erosion in the form of relapses of aphthae lesions. Along with iron deficiency Plummer-Vinson syndrome is often present, associated with sideropenic anemia, dysphagia and inflammatory changes of the tongue and gums with increased occurrence of oral premalignant lesions and cancer [16, 17] .
Oral mucosa changes connected with neurological illnesses caused by longterm alcohol drinking
Alcohol epilepsy often leads to dental fractures as well as lip and tongue injuries during seizures. Anxiety and extensive muscular activity of the foot of the mouth muscles may appear in alcohol addicts. Additionally, oral parafunctions in the form of uncontrolled movements of the masticatory muscles and the tongue as well as biting of certain parts of the mucosa. These types of injuries often have complications in the form of secondary infections [17] .
2.5. Oral mucosa changes connected with immune system disorders caused by long-term alcohol drinking
Damaged immune system function leads to vulnerability to invasion of microorganisms through the mucosa. Congruent with the gravity of the disorder, infections can develop a more or less serious clinical presentation. The most common acute candidiasis is pseudomembraneus candidiasis and most common chronic candidiasis is atrophic candidiasis [17] .
Conclusion
Alcohol addiction affects health and it reflects on almost all organ systems. Effects on the oral cavity are various; from less serious disorders like inflammatory reactions, recurrent aphthae or heilitis, to more serious disorders like development of oral carcinoma. Effects on salivatory glands, reduced salivation and appearance of caries are scientifically proven to be causally linked to drinking alcohol, depending on the quantity and duration of drinking. In the literature, there is a clear connection between alcohol and development of carcinoma, especially if tobacco products are used together with extensive drinking. The cummulative effect of alcohol drinking and smoking of tobacco multiplies the risk of periodontitis, dental loss and oral carcinoma. Furthermore, alcohol causes dry mouth and reduces salivatory excretion which enables colonization of microorgan-isms and increases the risk of caries, exacerbated by a lack of oral hygiene in excessive alcohol drinkers.
It is worth stressing that changes in oral health can have serious consequences for an alcohol addict. Oral carcinoma has a high mortality rate even though it is located in a region which is easily accessible to regular clinical inspections. It is important to have in mind the risks of alcohol drinking, to conduct regular and detailed clinical examinations of people with ongoing alcohol addiction or treated alcohol addicts, as well as continuing scientific efforts to expand the knowledge on all the effects of alcohol on the oral cavity.
